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TITLE: Apparatus And Method For Music Production By At Least Two Remotely Located 
Music Sources 

RELATED APPLICATIONS: 

This is a continuati<^-in-part a^iicatton of a prior filed and currently pending application having 
serial number 09/520,536 and filing date of 3/8/20OO. 

INCORPORATION BY REFERENCE: AppUcant(s) hereby incorporate herein by Ksfercnce, 
any and all U. S. patents, U.S. patent eqpplication&, and other documents and printed matter cited 
or referred to in this application. 

BACKGROUND OF THE INVENTION 
FIELD OF im INVENTION: 

This invention relates gen^:ally to an apparatus and method for music production by at lea5rt tv^o 
remotely located musicians, and more particularly to a stereo telephone device providing an 
interactive audio mixing board and expandable bandwidth. 

DESCRIPTION OF RELATED ART: 

The following art defines the present state of this field: 

Lee, U.S. 4,130,734 describes an analog bandwidth compressor of the present system 
preserves the actual frequencies of the detected signal. This is accomplished by feeding the 
detected signal to a bank of contiguous filters and feeding the ou^uts of each of these filters 
to an AM detector and a frequency divider. The ou^mt from each fi^uency divider is fed to 
a tunable filter bank. The outputs of the tunable filter bank are fed to multipliers \diere the 
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outputs from the assodated AM detectors are superimposed on the ftequency signals from 
the tunable filter bank. The output of the pluraUty of multipUers is fed to a summing network 
which provides a reduced bandwidth signal. The output of the summing network is 
subsequently fed through a transmission system to a bandwidth restoration circuit which 
5 consists of a tunable contiguous filter bank, AM detector, frequency multipUer, tunable filter 
bank, multipliers and a summer similar to the bandwidth reduction circuit. 

Hoque et al, U.S. 4,922,536 describes in-studio, stage or field applications, high fidelity audio 
signals are transmitted to a remote processor in digital form in order to solve the problems of 

10 audio degradation, cross talk, groimd loops and multi^ble problems associated witii the analog 
transmission of multiple channels of audio over long distances. In one embodiment a TDM/FDM 
multiplexing system is utilized with increased bandwidth and dynamic range compared to data 
and telephone multiplexing systems to accommodate high fidelity requirements. In an 
embodiment involving a distributed system, multiple MUX and DEMUX modules are co\q)led in 

15 a distributive fashion along a light-weight transmission line, in which each of the modules is 
assigned a ppedeteraiined transmi^ion fi^uency and with each of the modules having a number 
of audio inputs which are time-multiplexed for that particular MUX module and fiequency. The 
Subject System precludes tiie necessity of running muWple audio cables to remote destinations, 
while at the same time providing an exceptionally quiet system, since the digital data stream is 

20 extremely tolerant to cross talk, ground loops, noise, signal attenuation, and non-linearity 
associated with conventional analog audio transmission. 

Brotz et al, U.S. 5,020,101 describes a musician*s telephone interfece that interconnects an 
instant location through a telephone line to a remote location such device having it^uts to 
25 receive the soxmd from mxisical instruments and/or vocalization at each location with balancing 
circuitry and broadcast means at each location for the musicians at each location to hear the 
music of one another simultaneously balanced for collaboration and production of music. 
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Nakano et al. U.S. 5,182,768 describes a digital telephone set connected to a digital data 
exchatige through a transmission line. A pluraUty of haiui$ets, which ai^ mounted on a telephone 
body, are for converting input sounds into input analog speech signals and fbi converting ou^ut 
analog speech signals into output sounds. Connected to the handsets, a plurality of analog-to- 
5 digital converters converts the input analog speech signals into input digital speech signals 
Connected to the handsets, a plurality of digital-to-analog converters converts output digital 
speech signals into the output analog speech signals. On the telephone body are mounted a set of 
dialing keys for producing a numerical signal. Connected to the diahng keys, a control device is 
for producing input control data in response to the numerical signal and is for producing an 

10 output control signal in response to output control data. Connected to the transmission line, the 
control device, the analog-to-digital converters, and the digital-to-analog converters, a 
multiplexing/demultiplexing circuit is for transmitting/receiving transmissionAeception time 
division multiplexed signals to/ftom the digital data exchange through the transmission line. The 
multiplexing/demultiplexing circuit is for multiplexing the input digital speech signals and the 

15 input control data into the transmission time division multiplexed signal and for demultiplexing 
the reception time division multiplexed signal into the ou^ut digital speech signals and the 
output control data. 

Brotz et al, U.S, 5,398^78 describes a telephone mterface system to interconnect the output of 
20 two or more musicians, one at an instant location and the othar at a remote location, over 
conmiunication lines, such system converting the analog musical output to digital form for 
duplexing over the commumcation lines. 

Usanu, U,S. 5,572,561 teadies a frequency dividing circuit including a first inverter circuit 
25 supplied with a first frequency-divided signal, a second inverter circuit supplied with a second 
frequency-divided signal which has a complementary relationship to the first frequency-divided 
signal, and a first pair of push-puU circuits. There are also provided a first switch circuit 
performing a first switching operation in response to a first input signal and selectively supplying 
output signals of the first and second inverter circuits to the fu^t pair of push-pull circuits so that 
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one Of the fiist pair of push-puU circuits perfbrais a pull-up operation when the other one thereof 
performs a pull-down operation. Further, there are provided a second pair of push-puU circuits, 
and a second switch circuit performing a second switching operation in response to a second 
input signal which has a complementary relationship to the first input signal and selectively 
supplying output signals of the first pair of push-puU circuits to the second pair of push-pull 
circuits so that one of the second pair of push-puU circuits peifoims a puU-up operation when the 
other one thereof performs a pull-down operation. Hie first and second fiequeocy-divided signals 
are output fiom the second pair of push-puU circuits. 



10 



15 



MacDonald, U.S. 5,587.673 teaches a circuit (10) for generating an output signal having a 
frequency that is a multiple of an input clock signal (CLKIN). The ciiout includes a delay circuit 
(12) havkg an input port and a plurality of ou^ ports (A3,C). Hie input port is coupled during 
use to the input clock signal. Individual ones of the plurality of output ports output a signal that is 
delayed witii respect to the input dock signal and also wifli respect to othas of the plurality of 
output ports. The circuit further includes a logic network (20) having a firat input for coupling to 
the input clock signal and a plurality of second inputs for coupling to the plurality of output 
ports. Hie logic network operates to logically combine signals emanating fiom the plurality of 
ou^ut ports with the input clock signal, and has an output port (OUTPUT) for outputting a signal 
having a ftcquency that is multiple of a frequency of the input clock signal. Tb» signal that is 
20 output fiom the output port of the logic network has a 50% duty cycle regardless of the duty 
cycle of the input clock signal. 



Marchand, U.S. 5.680,067 teaches a frequency dividing device having an input temiinal for a 
signal to be divided and an output terminal for an output signal. It ftttther comprises: a first 
25 mixing circuit which is particularly of the sub-harmonic type, has a first input which forms the 
input terminal, and a second input for receiving a signal from a local oscillator; a first dividing 
circuit for dividing the output signal of the first mixing cinajit; a second dividing circuit for 
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diyiding the ou^ut signal of the local oscillator; and a second mixing circuit >vhich has a &st 
input for receiving the oulput signal of the first dividing circuit, and a second input for receiving 
the output signal of the second dividing circuit, and an output which fonns the output terminal. 

Himta. U.S. 5.703309 describes a fiequency multipher circuit that needs no coupling 
capacitors and no input bias circuits f5» a next-stage circuit, which includes a phase^shifled 
signal generator, first and second differential amplifiers, and a multiplier. The phase-shifted 
signal generator receives an initial input signal and generates first and second ou^ signals 
whoso phases are shifted by 90.degree. with each other. The first differential ampUfier 
amplifies the first output- signal to output a first positive-phase output signal and a first 
negative-phase output signal. The second differential amplifier amplifies the second output 
signal to output a second positive-phase output signal and a second negative-phase output 
signal. The multiplier multipUes the first and second positive-phase output signals to output 
a third positive-phase output signal as a positive-phase output of the firequency multipUer 
circuit. At the same time, it multipUes the first and second negative-phase output signals to 
output a third negative-phase output signal as a negative-phase output of the fiequency 
multiplier circuit Each of the third positive- and negative-phase output signals has a doubled 
fiequency of the initial input signal and substantially the same dc offeet voltage. 

20 Shnons et al, U.S. 5,914,620 describes a method and system of fi^quenqr multiplying a 
signal having aaipUtude modulation using a firequency multipUer Ofpeiated at a bias voltage 
that is less than its saturation mode voltage is described. Prior to ampUfication, the 
amplitude modulated signal is pie-distorted to compensate for distortion caused by the 
fiequency multipUer. A first pre-distortion phase converts the ampUtude modulated signal 

25 into a corresponding square root signal to compensate for a first distortion type. A second 
pre-distortion phase pre-distorts the square root signal to compensate for the distortion 
caused by biasing the fi^equency multiplier at a voltage less than the saturation voltage of the 
multipUer. As a result, a signal that is ampUtude modulated can be multipUed by a frequency 
multipli^. 
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Retchard et al, US. 5.999,618 teaches a telephone interface system for the ir^j^sion and 
reproduction of an audio perfomiance, particularly a musical performance, at sepaiBte locations 
utilizing an amplitude modulated carrier frequency. Tie system serves to both transmit a 
perfonnance at one instant location to one or more remote locations and to receive and i^roduce 
a similar perfonnance from the remote locations transmitted to the instant location. Hie 
pafoimere at all locations hear the audio ou^ of the performances at the other locations as 
fliough such other performers were actually present 



10 McQellan. (December, 1999) Test Equipment For Audio Technicians: Balanced-Line 
Converter, Electronics Now, pp. 4M4, describes a balanced Line Conveiter that ofeis a 
simple solution to the balancedline conversion problem, llie unit accepts unbalanced iaputs 
from consumer audio gear and has balanced outputs with impedances and levels that are 
suitable for professional audio equipnient. The input impedance is 100,000 ohms-suitable 

15 for all soUdstate equipment and most vacuumtube gear. The latter is especially desirable if 
you use tubetype microphone preamplifiers or signal processors. Such devices are currently 
popular in recording studios. 

Szabo, (February 1993) Audio Level Controler. Electronics Nnw, pp. 41-44, describes a 
20 programmable audio-level controUer to control the receiver's input and keep it in a 
comfortable zone. 

Cypress Semiconductor Corporation, (January 5. ioOO), Freauencv MultioHer and Zero 
Delay Buffer, San Jose, CA., describes a two-output zero delay buffer and frequency 
25 multiplier. It provides an external feedback path aUowing maximum flexibility when 
implementing the Zero Delay feature. 

Burr-Brown Corration, (December 1995). Wide Bandwidth Precision Analog MultipUer. 
Tucson, AZ., describes a wide bandwidth, high accuracy, four-quadrant analog multiplier. Its 
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accurately lasertrimmed muItipHer characteristics make it easy to use in a wide variety of 
applications with a minimum of external parts, often eliminating all external trimming. Its 
differential X, Y, and 2 inputs allow configuration as a multiplier, squarer. divider, 
square-rooter, and other functions while maintaining high accuracy. 

S 

Burr-Brown Corporation, (March 1995), Multiolier-DividCT- Tucson, AZ., describes a 
multiplier-divider havijog a low cost precision device designed for general purpose 
application. In addition to four-quadrant multiplication, it also performs analog square root 
and division without the bother of external amplifiers or potentiometers. Lasertrimmed 
10 ones;hip design offers the most in highly reliable operation with guaranteed accuracies. 
Because of the internal reference and pretrimmed accuracies the MPYIOO does not have the 
restrictions of other low cost multipliers. It is available in both TOlOO and DIP ceramic 
packages. 

15 Burr-Brown Corporation, (August 1993), Voltage-to-FreQuencv and Freouencv-to Voltage 
Converter, Tucson, AZ., describes a monolithic voltage-to-fi^uency and frequency- 
to-voltage converter that provides a simple low cost method of converting analog signals 
into digital pulses. The digital output is an open collector and the distal pulse tiain 
repetition rate is proportional to the amplitude of the analog input voltage. Output pulses ate 

20 compatible with TTL, and CMOS logic femilies. 

Burr-Brown Corporation, (Ocotber 1993), Wide Bandwi dth Sjpnfll Mnitipliftr, Tucson, AZ., 
describes a wide-bandwidth four-quadrant signal multiplier* Its output voltage is equal to the 
algebraic product of the X and Y input voltages. For signals up to SOMHz, the on-board 
25 output op amp provides the complete multipUcation function with a low-impedance voltage 
output. Differential cunent outputs extend multiplier bandwidth to 75MHz. 

The prior ait teaches various ^paiatuses which convert analog signals to digital and the reverse, 
as well as allowing multiplexing over phone lines. The prior art also teaches a multiplexing 
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system with increased bandwidth and dynamic range, where a ti^mission occurs over 
lightweight coaxial cable, or fiberoptic or twisted-pair cable . However, the prior art does not 
teach an invention and method that allows transmission of signals between local' and remote 
nmsicians where the transmission occurs over standard phone lines with a bandwidth of up to 20 
kHz, which is nearly seven times that enabled by prior art technology. The present invention 
fiilfills these needs and provides further related advantages as described in the foUowmg 
summary. 



10 



SUMMARY OF THE INVENTION 



Hie present invention teaches catain benefits in construction and use vrfiich give rise to the 
objectives described below. The present invention is an apparatus and method for joint music 
production fiom a remotely separated plurality of musicians joined by phone lines of a pubUc 
telephone systenL The public telephone system has a signal fi«quency cutoff limiting 

15 transmission to a low range which is incompatible with music. Each of the musicians produces a 
local music signal (MSO with foU audio range. This signal is impressed on die pubUc telephone 
system which creates a low-end ouflx>und music signal (LEO- Also, separately, the MSl signal is 
filtered through a first high-pass filter and mixed with a mixer signal to produce a sum/diflFerence 
signal (SDl). The SDl signal is impressed onto the second phone line of the public telephone 

20 system as a high-end outbound music signal (HEO- A second mixer circuit receives at least one 
remotely produced sum/difFeience signal (SDr) and the mixer signal and this is again filtered to 
obtain the high end signal only (HBr), Hie HEr signal and the at least one remotely produced 
low-end signal (LEj) arc summed to produce the remotely originated limited band pass music 
signal (MSr). TWAdSb and the MSr signals are summed for listening to the joint music 

25 production. Brotz et al. US 5,398,278 teaches the use of conversion to digital form for 
multiplexing over a transmission line, whUe. Brotz et al, US 5,020,101 describes a musician's 
telephone interface that interconnects an instant location through a telephone line to a remote 
location; such device having inputs to. receive the sound from musical instruments and/or 
vocalization at each location with balancing circuitry and broadcast means at each location for 
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the musidans at each location to hear the music of one another simultaneously balanced for 
collaboration and production of music, Reichard et al teaches transmission of an audio signal 
using an amplitude modulated carrier signal. The instant invention does not use modulation or 
multiplexing so that it clearly distinguishes over these references, and Reichard et al is not 
5 considered prior art in that its priority date is subsequent to the reduction tQ practice of the instant 
invention. It is also noted that a provisional application filed 12/30/98 set priority of the parent 
application to vMch this CIP is a continuation. 



A primary objective of the present invention is to pnwide an apparatus and method for music 
10 production by at least two remotely located musicians having advantages not taught by the prior 
art* 

Another objective is to provide such a apparatus and method of use, \^ch is able to be utilized 
by musicians using conventional phone lines. 

15 

A further objective is to provide such an apparatus and method of use which allows a signal of 
up to 20 kHz bandwidth, which provides a band pass of nearly seven times that which is able to 
be conveyed over standard phone lines, 

20 Other features and advantages of the present invention will become apparent fiom the following 
more detailed description, taken in conjunction with the accompanying drawings, which 
illustrate, by way of example, the principles of the invention. 

BRffiF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate the present invention wherein: 

FIGURE 1 is a schematic diagram of one of a plurality of local sites of flie preferred embodiment 
of the present invention and showing interconnections for local low and hi^ band audio output 
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over two phone lines and receipt of low and high band input fiom a remote site. Nine gates 
numb^ed 1-9 are shown. These gates are analog gates switch controlled by a central computer 
switch circuit; and 

5 Figure 2 is a schematic diagram sho>ving local inputs 1-3 fix>ra local music sources processed to 
provide low and high band audio portion outputs to r^ote sites ai^ also processing of low and 
high band from one or more remote sites combined to produce local audio output. 

DETAILED DESCRIPTION OF THE INVENTION 

10 

The above described drawing figure illustrates the invention, an apparatus for music production 
by at least one local and at least one remotely located musician so that they can produce a jointly 
and combined music signal which seems to come fiom a cotnmcm source although the local and 
remote mxisicians may be separated by a great distance. 

15 The present invention provides an apparatus, as defined in a preferred embodiment in the figures^ 
for joint music production, comprising in combination: a remotely separated plurality of means 
for producing music wherein the figures illustrate any one of the music producing means and 
wherein the music may be generated by voice, instruments and other sources of music including 
storage devices such as compact disks and combinations of these. For instance a iiill orchestra or 

20 band might be separated by distance with each instrument at a different location. These sites or 
locations are intercoxmected by a first and a second phone lines of a public telephone system 10, 
20. It is noted that the public telephone system has a signal fi:equency cutoff at about 3300 Hz or 
lower, thereby limiting transmission to a low range \^ch is generally unsuited for music 
reproductioiL Each of the remotely separated means for producing music generates a locally 

25 produced first music signal (MSO with full audio range, generally 50-20,000 Hz. In Fig. 1 this 
signal MSl is generated by three instruments or other local music source designated by In 1, In 2 
and In 3. AmpUtude, balance and equalization controls are shown in this figure but are not a 
necessary part of the invention. This signal is generated by a microphone or equivalent device. 
The MSl signal is impressed on the first phone line 10 of the public telephone system to create a 
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locally produced low-end outbound music signal (LEO- signal is low end because the effect 
of the copper wire phone company transmission line attenuates the high end frequencies leaving 
the low end mostly intact, although the phone lines also attenuates the lowest frequencies present 
in the signal to a more-or-less acceptable extent The MSt signal is separately interconnected 
5 with a first hig^-pass filter 30; a first (analog) mixer circuit 40 receiving both the ou^ut of the 
first high-pass filter 30 as well as a mixer signal preferably of 3700 Hz. This produces a local 
sum/dijSerence signal (SDO vMch is impressed onto the second phone line of the public 
telephone system as a hi^-end outbound miisic signal (HEt). The sum components are 
attenuated in the phone line transmission, but the diffidence fi'equencies, which contain ail of the 
10 information in the mid-range, i.e., fiom about 3300 to about 6600 Hz are jweserved in the 
difference components which were translated to the 0-3300 Hz range by ttie analog multiplier 40. 

Each of the remotely sq)arated means for producing music further comprise a second similar 
mixer circuit 50 enabled for rec^ving a remotely produced sum/diference signal (SDr) as well 
as the nuxer signal of 3700 Hz. A second high-pass filtK 60 receives the output of the second 
mixer circuit 50 which produces the suras of the transmitted frequencies with the mixer 
j&equency, and is therefore enabled for reproduciixg the hig^i-end of the remotely produced output 
signal (HEr)- Amplification, balancing and equalizing may be employed with respect to HEr as 
shown. A summing circuit 70 is intetconnected for summing the HEr and LEr signals fi\)m the 
first 1 0 and second 20 phone lines of the public telephone system with the local signal MSl for 
producing a composite music signal MSc^ This composite signal is interconnected with a local 
ou^ut means, such as a speaker so as to endble listening to the joint music production. . 

It is noted that the LEl HEl LEr and HEr signals each have a fi^uency cutoff at approximately 
3300 Hz. 

In the preferred method of use of the above circuit, the steps of joining a remotely separated pair 
25 of means for producing music by a first and a second phone lines of a public telephone system is 
employed, Tbt steps iiwlude producing the local first music signal (MSO with full audio range; 
impressing tte MSl signal on the first phone line of the public telephone system to create a 
locally produced low-end outbound music signal (LEO; filtering the MSl signal separately, with 
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a fxrst high-pass filter; mixing an output of the first high-pass filter with a mixer signal, thereby 
producing a locally produced sum/difference signal (SDl); impressing the SDl signal onto the 
second phone line of the public telephone system as a high-end outbound music signal (HEl); 
and further ivithin hoUh of the remotely separated means for producing music; enabling the 

5 second mix^ circuit for receiving the remotely produced sum/difference signal (SDr) and the 
mixer signal. Hie method further provides for receiving an output of the second mixer circuit at 
a second high-pass filter, thereby producing the high-end, remotely produced output signal 
(HEr); joining the HE^ signal and a remotely produced low-end signal (LEr) fiom the first phone 
line of the public telephone system for producing a remotely originated limited band pass music 

10 signal; and summing the MSl, HEr and LEr signals for listening to the joint music production. 

Frequency multiplication is taught in the MacDonald, and frequency division is taught in Ae 
Usami and Maichand references incorporated h^ein. These techniques are very well known in 
the art and are employed for enablement in the present invention. 

15 The technique or approach described above may be used to receive a range of remote music 
signals and to join them all with, or without, a local signal, to listen to a jam session taking place 
at one;i or a plurality of remote locations. 

The above technique is also applicable to multiple part signals^ as with stereo, two part and 
20 surround-sound, where up to five or more signals parts may be required. Often, these signals are 
generated from a single mono-source synthetically, but actual multi-part signals obtained at the 
source of the original music is considwed to be superior. The present invention may be easily 
adapted to these approaches by using more than two phone lines, i.e., four lines for a stereo 
transmission, etc» Also, the signals originating at a single site may be multiplexed to enable a 
25 single phone line to carry the trafBc of plural remote music sources including mono, stereo and 
surround-sound transmissions. The and HEr signals are trrated in multiplex as independent 
signal components. 
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While the invention has been described with reference to at least one prefwed embodiment, it is 
to be clearly understood by those skilled in the art that the invention is not limited thereto. 
Rather, the scope of the invention is to be interpreted only in conjunction with the upended 
claims. 
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